The osmolality of nonionic, iodinated contrast agents as an important factor for renal safety.
Nonionic iodinated contrast agents (CAs) can be divided into monomeric, low-osmolar, and dimeric, iso-osmolar classes. In clinical practice, renal tolerance of CAs is a concern, especially in patients with impaired renal function. With regard to renal safety, we wanted to evaluate the role of osmolality and viscosity in renal tolerance. We generated a formulation (iodixanol/mannitol) consisting of the dimeric iodixanol with an osmolality of the monomeric iopromide. Male Han-Wistar rats were intravenously injected with low-osmolar iopromide 300, iso-osmolar iodixanol 320, and iodixanol/mannitol. Saline and diatrizoate were used as controls. A total number of 227 rats were used in the following experiments. We compared the impact of osmolality on renal iodine retention using computed tomography 2 and 24 hours postinjection (p.i.). The animals were killed 2, 24, and 72 hours after injection, and the kidneys were excised for further investigations. Changes in renal cell proliferation were analyzed by 5-bromo-2'-deoxyuridine incorporation 48 hours p.i. as a degree of tissue regeneration after induced injury. To specify potential renal injury, we quantified the expression of acute kidney injury (AKI) markers (kidney injury marker-1 [KIM-1], neutrophil gelatinase-associated lipocalin [NGAL], and plasminogen activator inhibitor-1 [PAI-1]) by quantitative real-time polymerase chain reaction. Furthermore, the kidneys were analyzed histologically, including immunofluorescence analysis. After intravenous application of the CAs into Han-Wistar rats, renal iodine concentration was increased (3-fold) for iodixanol 2 hours p.i. and iodine retention was detected to be prolonged 24 hours p.i. compared with iopromide injection (iodixanol, 520 ± 50 Hounsfield Units [HU] vs iopromide, 42 ± 5 HU). The higher iodine concentration 2 hours p.i. upon iodixanol injection was reduced almost to the level of iopromide when injecting iodixanol/mannitol (iopromide: 289 ± 68 HU vs iodixanol/mannitol: 343 ± 68 HU). In addition, iodixanol application induced increased renal cell proliferation (2.7-fold vs saline), indicating renal injury, which was significantly lower in iopromide-treated animals (1.6-fold vs saline). More detailed analysis of markers for AKI revealed that iodixanol significantly induced the expression of PAI-1 (7.7-fold at 2 hours) as well as KIM-1 (2.1-fold) and NGAL (3.2-fold) at 2 and 24 hours when compared with saline treatment. In contrast, the expression of markers for AKI was low after iopromide (1.4-fold NGAL, 1.7-fold PAI-1, KIM-1 not significant) and iodixanol/mannitol (1.6-fold NGAL, 2.6-fold PAI-1, KIM-1 not significant) injection. The present results clearly show that prolonged iodine retention and the enhanced expression of kidney injury markers are caused mainly by the explicitly higher urine viscosity induced by iodixanol. We conclude that the osmolality of low-osmolar CAs such as iopromide induces a positive diuretic effect that is responsible for rapid iodine clearance and prevents increased expression of acute injury markers in the kidney.